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157 ABSTRACT

A device for preventing a motor from being locked
comprises a position indicator for indicating a position
to be moved in response to rotation of the motor, a
position detector for detecting the position being
moved 1n response to rotation of the motor, a servo
control unit for supplying a current to the motor so that
an output signal from the position detector will be
equalized with an indication by the position indicator, a
stop detector for detecting stoppage of the motor in
response to a differential of the output signal from the
position detector, and a cutoff control unit for cutting
off the current supplied from the servo control unit to
the motor in response to an output signal from the stop
detector.

S Claims, 2 Drawing Figures
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SERVO CONTROL FOR MOTOR HAVING
CUTOFF DEVICE FOR PREVENTING MOTOR
FROM BEING LOCKED

This 1s a continuation applicaton from application
Ser. No. 669,104 filed Nov. 7, 1984 now abandoned.

This invention relates to a servo control having a
cutoff device for preventing the motor from being
locked, and more particularly to a circuit for cutting off 10
the supply of electric power to the motor when the
rotor of the motor is detected as being locked against
rotation.

When the rotor of a motor is locked against rotation
tfor some reason during operation of the motor, a large
current comparable in magnitude with a starting cur-
rent flows through the winding of the rotor. The rotor
winding 1s then overheated to damage the motor itself
and also parts of a system in which the motor is incorpo- 2¢
rated.

Conventional devices for preventing motors from
being locked cut off the supply of current to the motor
to prevent overheating of the motor when a large cur-
rent continues to flow through the motor for a pre-
scribed period of time.

The prior motor lock prevention devices have deter-
mined a locked condition of the motor by detecting a
current supplied to the motor. Therefore, the device
tends to erroneously detect a variation in the supplied
current caused by a change in the motor load as having
resulted from a locked condition of the motor, and to

cut off the current being fed to the motor, thus stopping
operation of the system in which the motor is used.

With motors designed to reduce a current flowing in a
locked condition for avoiding overheating, such errone-
nous detection is liable to happen more frequently re-
sulting in more frequent stoppage of operation of the
motor-operated system.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
device for preventing a motor from being locked
against rotation through detection of no change of the 45
angular position of the motor rotor for determination of
a locked condition. '

According to the present invention, a device for pre-
venting a motor from being locked comprises a position
indicator for indicating a position to be moved in re-
sponse to rotation of the motor, a position detector for
detecting the position being moved in response to rota-
tion of the motor, a servo control unit for supplying a
current to the motor so that an output signal from the
posttion detector will be equalized with an indication by
the position indicator, a stop detector for detecting
stoppage of the motor in response to a differential of the
output signal from the position detector, and a cutoff
control unit for cutting off the current supplied from the 60
servo control unit to the motor in response to an output
signal from the stop detector.

The above and other objects, features and advantages
of the present invention will become more apparent
from the following description when taken in conjunc- 65
tion with the accompanying drawings in which a pre-
ferred embodiment of the present invention is shown by
way of illustrative example.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a circuit diagram, partly in block form, of a
conventional device for preventing a motor from being
locked; and

FIG. 2 1s a circuit diagram, partly in block form, of a
device for preventing a motor from being locked ac-
cording the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Identical reference numerals denote identical or cor-
responding parts throughout the views.

FIG. 1 shows a servo control circuit for operating a
motor to move a rotor to and stop it at a desired posi-
tion, which has a lock preventing circuit of the current
detecting type. The device includes a control rheostat 1,
a comparator 2, a restarter circuit 3, a gate circuit 4, a
motor driver §, a motor sensor rheostat 7, a lock detec-
tor 8, and a timer 9. The device is combined with a
motor 6 for preventing the motor 6 from being locked.

The comparator 2 compares an output voltage from a
slider of the motor sensor rheostat 7 mechanically cou-
pled with the motor 6 and an output voltage from a
slider of the control rheostat 1. The motor 6 is servo-
controlled so that the compared output voltages will be
equalized with each other. More specifically, a normal-
rotation signal or a reverse-rotation signal is applied
from the comparator 2 to the restarter circuit 3 and also
to input terminals of two AND gates of the gate circuit
4. The other input terminals of the AND gates are sup-
plied with an output voltage from the restarter circuit 3.

An output voltage from either one of output terminals
of the two AND gates is applied to the motor driver 5,
which supplies a current to the motor 6 for rotating the

motor in a normal direction or a reverse direction.

The lock detector 8 serves to check the level of the
current supplied from the motor driver 5 to the motor 6
for detecting a locked condition in which the current
level exceeds a predetermined level. The timer 9 feeds
an output signal of H level to the restarter circuit 3 only
when an output signal of L level is supplied to the timer
9 continuously for a predetermined interval of time.
When the output signal of H level is applied to the
restarter circuit 3, the restarter circuit 3 supplies a signal
of L. level to the input terminals of the two AND gates
of the gate circuit 4. Then, output signals from the gate
circuit 4 go low, and the motor driver 5 cuts off a cur-
rent supplied to the motor 6 in the locked condition.
When the motor 6 is to be restarted, the control rheostat
1 18 actuated to transmit a variation in the output volt-
age of the slider thereof to the restarter circuit 3 for
thereby releasing the motor from the locked condition.

Since the conventional motor lock prevention device
detects the current supplied to the motor 6, it fails to
discriminate currents flowing when the motor 6 is actu-
ally locked from currents flowing when the motor load
1s varied.

According to the present invention, the current sup-
plied to the motor 6 is not detected, but a condition in
which the motor 6 is not rotated is detected, and the
current supplied to the motor 6 is cut off in response to
a detected signal for thereby preventing the motor 6
from being subjected to overheating which would oth-
erwise be occasioned by motor locking.

FIG. 2 shows a servo control circuit for operating a
motor which has a lock preventing circuit in accor-
dance with the invention. Parts denoted at 1, 2, 4 and 7
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in FIG. 2 are identical or equivalent to those shown in
FIG. 1. |

The device of FIG. 2 includes an AND gate 11, a
NOR gate 16, differentiating circuits 10-1, 10-2, 17, an
RS flip-flop 12, a buffer amplifier 13, and a displacement
detector 14.

The operation of the servo control circuit will now
be described. Initially, the control rheostat 1 is moved
by the operator to indicate a desired position the rotor
of the motor 6 is to be moved to. The comparator 2
compares the voltage output a of the control rheostat 1
with the voltage output b of the motor sensor rheostat
7, which is a rotor position detector, and supplies signals
c and d to the two differentiating circuits 10-1 and 10-2,
respectively. Signals of Low (L) level are provided to
both differential circuits when the output voltages a and
b are the same. A signal of L level is provided to circuit
10-1 and a signal of High (H) level is provided to circuit
10-2 when the voltage a is lower than voltage b. A
signal of H level is provided to circuit 10-1 and a signal
of L level 1s provided to circuit 10-2 when the voltage
a 1s higher than voltage b.

The differentiating circuits are each constituted to
provide respective outputs e and f which are normally
at H level and provide an output pulse signal of L level
when an H level signal is input from the comparator 2.
That 1s, each differential circuit has a transistor Q1, Q2
which has an emitter connected to ground, and a collec-
tor connected to a positive power supply through a
resistor R3, RS and a parallel circuit of a resistor R4, R6
‘and a capacitor C1, C2, respectively. The capacitor is
~normally charged when the impedance of the transistor
is kept at a high value, and the output e, f are normally
at H level. If the impedance between the collector and
the emitter is changed by an H level input to the base
from a high value to a low value, the capacitor is rap-
-1dly discharged so that the output e, f goes to L level for
-a predetermined period and then returns to H level.
- The outputs e and f of the differentiating circuits 10-1
-and 10-2 are inputted to the AND gate 11, and an output
g of H level is outputted when both outputs e and f are
H level, whereas the output g is at L level when one or
both outputs e and f are L level. The output g is pro-
vided to Reset terminal R of RS flip-flop 12, which is
described further below.

The output voltage b of the motor sensor rheostat 7 is
also provided through buffer amplifier 13, and the out-
put j of the same value is supplied to each of the dis-
placement detector 14 and the comparator 15. In the
displacement detector 14, the output j is supplied to the
(+) input of operational amplifier 14a and the output
thereof is supplied as a feedback signal to the (—) input
through resistor R7 and stored as a comparison value in
capacitor C3 connected between the (—) input and
ground. Therefore, the output voltage of the opera-
tional amplifier 14a follows variations in the output
voltage b of the motor sensor rheostat 7 with a time
delay corresponding to the time constant of the resistor
R7 and C3. This delayed output is supplied to the capac-
ttor C4 through the resistor R8 to provide a delayed
output voltage k of the displacement detector 14.

The output k is compared with the output j in the
comparator 15. The comparator 15 has resistors R9,
R10, R11, and R12 in series between the power supply
and ground, and a pair of operational amplifiers 15z and
156. The (—) terminal of amplifier 15z is connected to
the connection point between resistors R9 and R10, and
the (+) terminal of amplifier 156 is connected to the
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connection point between resistors R11 and R12. The
output j is connected to the connection point between
resistors R10 and R11. The (+) terminal of amplifier
152 and the (—) terminal of amplifier 155 are connected
to the output k of the displacement detector 14. The
resistors R9 and R12 have the same high values, and the
resistors R10 and R11 have the same low values. When
the motor sensor rheostat 7 is driven such that the out-
put voitage b is increasing, the output j is higher than
the output k, and when the motor sensor rheostat is
driven such that the output voltage b is decreasing, the
output j is lower than the output k. Due to the voltages
divided across the resistors in series, the outputs 1 and m
of the amplifiers 152 and 15b varies between H and L
levels as the relationship between outputs j and k varies.
If the motor sensor rheostat output b is constant for a
period of time, indicating a stopped condition where the
desired position has been reached or a motor locked
condition, the outputs j and k will become the same, and
both outputs 1 and m become L level.

The outputs 1 and m are connected to the inputs of
NOR gate 16, which provides output n of H level only
when both outputs 1 and m are L level. The output n of
the NOR gate 16 is connected to the differentiating
circuit 17, which is constituted similarly to differentiat-
ing circuits 10-1 and 10-2 such that it provides an output
pulse signal h of L level when the output n of the NOR
gate 1s changed from L level to H level. The output of
the differentiating circuit 17 is connected to the Set
terminal S of RS flip-flop 12.

The Reset and Set terminals of the flip-flop 12 receive
the output g of the AND gate 11 and the output h of the
differentiating circuit 17, and are set in operation as a
latch circuit to provide the output p from the reverse
output terminal Q. Thus, when the control rheostat is
set in either direction to indicate a desired position dif-
ferent from that shown by the motor sensor rheostat 7,
and L level pulse of output g is provided to the Reset
terminal R from AND gate 11 through differentiating
circuits 10-1 and 10-2, resulting in a reset condition and
an output p from terminal Q of H level. When a stopped
or locked condition of the motor is detected through
the motor rheostat sensor 7, displacement detector 14,
comparator 15, and differentiating circuit 17, an L level
pulse of output h is provided to the Set S terminal re-
sulting in an output p of L level.

The output p of the RS flip-flop 12 is supplied to each
of the input terminals of the two AND gates 4a and 45.
The other input terminal of AND gate 4a is connected
to the output ¢, and the other input terminal of AND
gate 456 is connected to the output d of comparator 2.
The outputs q and r of AND gates 4ag and 45, respec-
tively, are connected to the input terminals of the motor
driver § which drives motor 6 in one or the other direc-
tion. When the output p is L level, no H level can be
outputted for either output q or r to the motor driver.

Table I below summarizes the various states of opera-
tion of the above-described control circuitry, wherein
U designates a condition in which the motor 6 is
stopped when the rotor has reached the desired posi-
tion, V1 to V3 the condition in which the motor is
driven in one direction to reduce the output voltage or
motor sensor rheostat 7 to a lower set voltage a of con-
trol rheostat 1, W1 to W3 the condition in which the
motor 1s driven in the other direction to increase the
output voltage of motor sensor rheostat 7 to a higher set
voltage a, X1 to X3 the condition in which the motor
becomes locked while the motor sensor rheostat is
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moved in the decreasing direction, and Y1 to Y3 the
condition in which the motor becomes locked while the
motor sensor rheostat is moved in the increasing direc-
tion.

TABLE 1

Con-

di-

tton a b cdef gh 1 k l m np gr st
U a=b LLHHHH j=k=b LL HH LL LL
Vi a<b LHHLLH )<k HL LH LH LH
\%) ! LHHHHH | HL LH LH LH
Vi a=b LLHHHH j=k=b LL HL LL LL
Wiy a>b HLLHLH i>k LH LH HL HL
W | HLHHHH ! LH LH HL HL
W3 a=b LLHHHH j=k=b LL HL LL LL
Xi; a<b LHHLLH 1<k HLL LH LH LH
X2 | LHHHHH ! HL LH LH LH
X3 | LHHHHH ! LI HL LL LL
Yy a>b HLLHLMH j>k LH ILLH HL HL
Y> ] HLHHHH l LH LH HL HL
Y3 { HLHHHL ! LL HL LL LL

The RS flip-flop 12 serves to supply a signal of H
level to the gate circuit 4 when the motor 6 is started
and rotated, and to supply a signal of L level to the gate
circuit 4 when the motor 6 is stopped. When the motor
6 is stopped such as when the rotor of the motor 6 is
locked against rotation, the output signal from the gate
circuit 4 is of L level at all times, and the current sup-
plied to the motor 6 is cut off to prevent the motor 6
from being overheated.

A mode of operation will be described in which the
RS flip-flop 12 issues a signal of H level to supply a
current to the motor 6 when starting and rotating the
motor 6.

When the control rheostat 1 is actuated or rotated in
one direction to start the motor 6, the comparator 2
issues a normal-rotation signal of H level or a reverse-
rotation signal of L level to the differentiating circuit
10-1 or 10-2. The differentiating circuit 10-1 or 10-2
applies a pulsed signal to the AND gate 11 which
- supplies a signal of L level to a reset terminal of the RS
flip-flop 12 to render an output terminal Q of the RS
tlip-flop 12 high in level. The differentiating circuit 10-1

or 10-2 1s operated such that its output becomes a signal
of H level when its input is a signal of L level. When its

input shows an H level, its output is a pulse having a
waveform differentiated in response to the time con-
stant of the resistor and capacitor in the differentiating
circuit 10-1 or 10-2 (see FIG. 2). The output signal of H
level is then applied from the RS flip-flop 12 to input
terminals of the two AND gates of the gate circuit 4,
the other input terminals thereof being supplied with
the normal-rotation signal of H level or the reverse-
rotation signal of L level from the comparator 2. The
input signals are then ANDed by the gate circuit 4 to
supply an H-level signal to the motor driver 5 for rotat-
ing the motor 6 in a normal or reverse direction.

A mode of operation in which the motor 6 is stopped
as when its rotor is locked against rotation will be de-
scribed.

An output voltage from a slide contact of the motor
sensor rheostat 7, which is mechanically connected to
the rotor of the motor 6, is fed to the displacement
detector 14 through the buffer amplifier 13. The dis-
placement detector 14 serves to detect a variation in the
output voltage from the motor sensor rheostat 7. The
displacement detector 14 issues a voltage close to a
power supply voltage (positive or negative) as long as
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6

the output signal from the motor sensor rheostat 7 var-
I€s.

When the output signal from the motor sensor rheo-
stat 7 does not vary for a predetermined period of time,
the capacitor connected between the —input terminal
of the operational amplifier of the displacement detec-
tor 14 and ground is charged, and the voltage at the
output terminal of the displacement detector 14 be-
comes substantially equal to the output signal from the
motor sensor rheostat 7. When supplied two substan-
tially equal output signals, the comparator 15 outputs
two signals of L level to the gate 16, which then outputs
a signal of H level. If two different signals are supplied
to the comparator 15, it provides L. and H output signals
to the gate 16, which then outputs a signal of L level.
When two equal signals are applied to the comparator
15, signals of L level are applied to the gate 16 from
which an output voltage signal of H level is supplied to
the differentiating circuit 17. Then, a pulsed signal of L
level 1s fed from the differentiating circuit 17 to a set
terminal of the RS flip-flop 12 to cause the output termi-
nal Q thereof to go low in level. The input terminals of
the two AND gates of the gate circuit 4 which are
connected to the RS flip-flop 12 now go low in level to
cut off the current supplied to the motor 6 for thereby
preventing the motor 6 from suffering overheating
which would otherwise be caused by locking of the
rotor of the motor 6.

With the arrangement of the present invention, the
condition of rotation of the motor rotor is detected to
determine whether the motor is locked or not, and the
current supplied to the motor 6 is cut off if the motor is
determined as being locked. The device of the invention
can determine a locked condition with higher accuracy
for preventing the motor 6.from being overheated than
a conventional device in which a locked condition is
determined by detecting the current supplied to the
motor 6. Even with a small difference between a cur-
rent flowing when the motor 6 is subjected to a maxi-
mum load and a current flowing when the motor 6 is
started, a locked condition can accurately be deter-
mined for reliable prevention of overheating of the

motor 6 and of unwanted current cutoff.

Although a certain preferred embodiment has been
shown and described, it should be understood that

many changes and modifications may be made therein
without departing from the scope of the appended
claims.

What 1s claimed is:

1. A servo control connected to a motor driving
circuit for driving the rotor of a motor to a desired
position and for preventing the motor from being
locked, comprising;:

(a) a rotor position sensor connected to the rotor of
the motor for providing a first signal indicative of
the actual position of the rotor;

(b) a rotor position control which is set for providing
a second signal indicative of a desired position to
which the rotor is to be moved:

(c) a servo control portion including a comparator for
comparing the first signal provided from the rotor
position sensor to the second signal provided from
the rotor position control and for supplying a driv-
ing signal to the motor driving circuit when said
first signal differs from said second signal in order
to bring the rotor to the desired position;

(d) a stop detector responsive to said first signal for
detecting stoppage of the rotor, due to either the
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rotor having been moved to the desired position or
to the motor becoming locked in position, in order
to provide a detection signal indicating stoppage of
the rotor; and

(e) a cutoff portion for cutting off current from being
supplied to the motor from said motor driving
circuit in response to the detection signal from the

stop detector.
2. A servo control as defined in claim 1, wherein said

rotor position sensor is a rheostat mechanically con-
nected to the rotor for outputting a voltage signal in
response to variation in resistance value corresponding
to the rotor position.

3. A servo control as defined in claim 1, wherein said
servo control includes a differentiating circuit respon-
sive to the driving signal provided from said compara-
tor for generating a reset signal when said rotor is to be
driven to a desired position, and said stop detector pro-
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vides said detection signal as a set signal, and said cutoff
portion includes a flip-flop circuit responsive to said
reset and set signals for providing enabling and cutoff
signals to said motor driving circuit.

4. A servo control as defined in claim 1, wherein said
stop detector having a first detecting portion for gener-
ating a time-delayed signal from said first signal and a
comparator portion for comparing the first signal to the
time-delayed signal.

5. A servo control as defined in claim 4, wherein said
first detecting portion includes an amplifier having said
first signal provided as one input and its output pro-
vided as a feedback signal through a resistor to its other
input, and a capacitor connected between said other
input and ground, such that the output of said amplifier
follows said first signal with a predetermined time de-
lay.
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